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Metallurgy,  Physical  Metallurgy,  and  Physicochemlca 
Methods  of  Research,  Moscow,  I960,  pages  131-165.] 


It  is  generally  knoi/^n  that  compo'ands^  of  silicon  and 
(V'ith  carbon  (silicon  and  boron  carbides)  are  widely  use- 
induBtry  as  refractory  and  wear-resisti'ng  abrasive  mate: 

Boron  ca3:‘bide  is  at  p.re3ent  employed  iii  the  nuclear 
rjustry',  cU'id  silicon  ear'bicle  is  acquiring  g.reat  imporfcan 
as  a  base  for  the  irtan'ijrsct'ux'e  of  heat-J’ssistant  pax'ts  o 
pas-turbine  and  jet-plane  motors.  Articles  ’without  bin 
tself-slntei'ing)  "(1)  and  with  a  binder  of  silicon  nitrl 
boron  nitride  or  ca'rbide  ar'e  raade  of  it  {2).  However, 
coHipounds  are  not  the  best  rriSterials  oi  tne  sysu 

for  these  areas  of  ‘ase .  This  is  to  be  expialneo  by  tne 
adequate  study  made  of  the  Si-C,  Si-B,  B-C  and.  especial 
the  Si--B-G  sy s terns . 

Of  these  dual  systems,  the  B-C  system  has  been  stuai 
most  thoroughtly  (3-12)  . 

In  1953,  Post,  Cjlazer  and  Moskovets,  on  the  basis  o,f 
X-.ray  examlnatlcn),  a'nd  also  as  a  result  of  the  study  of 
elect'1'’ic  resistance  and  -specific  -weight  of  boron  and^ca 
alloys  eor!;‘ectuJ.'’ed  the  p.resence  iii  the  a-yste-ai  of  solid 
tionr.  of  cea-bon  in  boron.  In  the  in-vestigatlo'ns  made  b 
Zhdanov,  Z'nura-vlev  and-.Zevln  in  1953.,  and  especially  in 
i.\’ork5  of  ZhfJanov,  Zlvaravlev  and  Samsonov  (1951)  it  was 
asEumeci  that  BiiC' dissolves  boron,  fhe  solubility  being 


SOJ.U 

y 

the 


;eing  realized  through  the  sabatitution  of  boron  for  the 
carbon  atoms  (central)  of  the  linear  chain  C-G-C~B-jpCo  with 
formation  of  boron  carbide  of  the  comoosition  Bi-sCo'lii  case 
of  full  subs  ti  tit  ion.  '  ’ 


As  a  result  of  Investigation  (I3)  the  first  experiment  In 
constructing  a  phase  diagram  of  this  system  was  propcsed. 
Hovjeverj  the  main  questions  relating  to  this  dlagrarn  remalried 
^unsolved.  Tliercs  was  no  definitive  solution  of  the  cpuestionrs- 
of  the  amount  and  composition  of  the  compounds  of  the  system, 
or  the  nature  and  limits  of  the  solid  solutions  based  on 
these  compounds. 

The  B-Si  and  Si-C  systems  have  been  poorly  studied.  The 
small  amount  of  data  in  the  literature  and  their  contradic¬ 
toriness  are  to  be  explained  by  the  Iramense  difficulties 
enco’untfjred  In  making  such  investigations. 

The  high  melting  points  of  the  refractory  metals  and  the 
alloys,  the  consequent  difficulties  due  to  volatilization 
of  the  several  components  and  the  alteration  of  the  composi¬ 
tions  considerably  complicate  the  methods  of  experlraentatlon 
and  render  difficult  the  application  of  N.S.  Kurnakov's 
thermal  analysis  in  its  claESla  form. 


^  the  triple  system  Si-B- 
oven  of  the  design  work 


The  present  w/ox-k  was  done  for  the  purpose 
SiC“C-B4C  section  o 
the  samples^  a  pr 

VNIIASh  (l4)  v?as  used  (Fig.  1).  This  permits 
ia  porosity  not  exceeding  iO'^  to  be  obtained  by  the  hot 
Ing  method.  Powdered  silicon,  boron  and,  ir 

'a  sic 


con  and  boron  carbides  were  used  as  the  bpR’' 


of  stxidying  the 
.  In  preparing 
d  out  at  the 
samples  with. 


addition,  slli 
materials . 


The  amorolious 
tainecl  95-5?^  B. 


boron  obtained  magneslunn-therraally ,  con- 
The  silicon  content  in  the  silicon  po'wder 


V'jas  99- 7;^*  The  quantity  of  admixtures  In  the  silicon  and 
boron  carbide  powders  did  not  exceed  1'^.  In  vievj  of  the  fact 
that,  owing  to  the  volatilization  of  silicon  and  boron,  sin¬ 


tering  produced  a  change  in  the  composition  of  the  alloy, 
the  prescribed  composition  vsas  insured  by  the  choice  of  c 
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Pig.  5.  Diagram  oD  state  of  SiC-B^C  sectior 
Leprend:  A 


(Fiidgev.!ay) 
( Meyers on) 


Solid  I? -Solution:  Si^  64~~66J5j  3,  22--23>r>  C 

e  iTionent  ■'A’her;  rrielting  began  triere  v;aa  a  deformation 
ample  and  a  lowering' of  ’  the  lever.  Tiie  change  in 
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Then  the  melted  samples  vjere  sud- 
In  slides.  In  tbis  way,  the  welting 
of  the  primary  phase  was  established. 


by  locl'Cing  tlirough  them  iri  r'eflected,  light  irj  metaiic- ^ 
microscope  The  electric  I’ensistance  'mbs  meas'u.re(.i  with 

a  VJiiOS ts tone  bridge-.  The  phase  X-i'ay  analysis  was  maoe  oy 
'he bfi','  povjiier  method,  and  the  'dags  reverse  rei lection 
method' was' used  in  determining  the  lattice  parameters . ^  _ The 
phase  chemj.cal  analysis  was  based  on  a  selective  oxidation 
of  the  alloys  with  subsequent  dissolving  of  the  oxidised 
phase  in  water  acidified  with  hydrochloric  acid. 

The  investlgatlOT'iS  permitted,  us  to ‘establish  the  charac¬ 
ter  of  the  processes  taking  place  in  the  interaction  oi 
silicon,  boron  and  carbon  in  the.  SIC — BipO  sectri.on  of  tne 
Si  "i-C  .system  and  to  construct  a  diagrara  of  the  state  of 
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tial  components. 

The  supposition  that  boron  carbide  can  form  solid  solu¬ 
tions  'V'jith  boron  was  expressed  by  Ridgeway  as  early  as  3-934. 
Later,,  this  was  confirmed  by  a  number  of  other  investigators 
(Allen,  Zhcianov.  Sevast’yanov  and  othex‘3).  The  physlco- 
chernical  l'oveati,gation  .showed  that- in  the  triple  system 
S1-B~C  the  area  of  homogeneity  of  the  alloys  in  the  SiO-“li)j.C 
section  extends  to  an  11-12'^  (by  weight)  Si  content  or.  the 
Bj.C  side  anti  to  3%  B  or;  the  SIC  side.  In  alloys  with  a 
silicon  content  of  over  by  weight,  the  filllcon  carbide 

forming  the  solid  <>< -solution  corresponds ,  In  structure  to 
the  SiCjjT  of  hexagonal  modification.  In  al,loys  contaj.ning 
less  tharr''50^C  silicon  by  weight.,  the  silicon  carbide  cry- 
stsfillsets  ir;  cubic  form  ( "p  -SiC)  .  'Ilie  niaximua  concentra¬ 
tion  of  solid 'X  -  and  |?  -solutions  for-  the  above  cited 
experimental  conditions  was  deternslned  by  phase  chemical 
analysis.  The  solid  «<  -solution  of  the  saturated  coricentra- 
tion  has  the  compooition:  68^  Si,  2-3^  B,-  29/5  G;  the-  solid 
|3  “Sori.ution ;  12-13'^’  Si,  b4-6b/o  .b,  22-23%  G.  3?hese  data 
permit  orje  to  regard  the  SiC“Bi.|.C  section  of  the  Si-B-G  syste 
as  quasi  binary ,  representing  a  system  of  solid  <2(  -  and 
-solutions  with  limited  solubility.  . 

COMCLUSIONS 


1.  The  SiC-BiiC  sejction  of  the  Si-B-C  systemi  is  quasibi 
nary  and  formed  by  solid  solutions  with  limited  solubility 
the"  solid  solution  «=<  on  the  basis  of  a  SIC  compound  and  a 
o< -solid  solution  on  the  basis  of  a  B;^C  compound,  forming 
a  euctectic  between  them  when  the  SIC  content  is  35-36;^  an 
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